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Background Differential underreporting of dietary intake by subgroups of body mass index (BM1) will confound associations between dietary intake and BMI-related diseases.
We estimated the magnitude of BMI-related underreporting for energy,.protein, and potassium intake for the Dutch cohorts of the European Prospective Investigation into Cancer and Nutrition (EPIC).
Methods
The study population consisted of 134 Dutch men and women, aged 21-71 years, who participated in a pilot of EPIC. Ratios of reported dietary intakes to biomarkers were used as measures for underreporting. Dietary intake was assessed by a food frequency questionnaire (FFQ) and repeated 24-hour dietary recalls. Biomarker for energy intake was calculated basal metabolic rate; for protein and potassium intake the biomarker was 24-hour urinary nitrogen and potassium excretion, respectively. The measures of underreporting were linearly regressed on BMI (in kg/m 2 ).
Results
Significant negative regression coefficients were observed when regressing energy ratio on BMI with adjustment for physical activity (FFQ: p = -0.04 for men, P = -0.02 for women; 24-hour recalls: p = -0.03 for men, P = -0.04 for women).
In men, a significant negative regression coefficient (p = -0.03) was observed when regressing protein ratio on BMI; for the recalls however only after adjustment for age and education (P = -0.02). In women, negative regression coefficients were also obtained, but for the FFQ only after exclusion of dieting women (both FFQ and 24-hour recalls: P = -0.02). According to the recalls, but not the FFQ, a significant negative regression coefficient (P = -0.02) was observed among women when regressing potassium ratio on BMI. Conclusions In this Dutch population, BMI-dependent underreporting of 20-25% over the observed range of BMI is present for protein and energy. Further study on BMIdependent underreporting of dietary intake in EPIC cohorts is warranted. Keywords Underreporting, body mass index, energy intake, protein intake, potassium intake, measurement error Accepted 11 July 1997
Measurement error in dietary intake data is an important issue in nutritional epidemiology. Systematic measurement error, mostly in the form of underreporting, is known to differ between dietary assessment methods. 1 Underreporting also seems to be differential with respect to populations and subgroups within a population. According to American and Australian studies, women underreport their intakes more often than men 2 " 4 and non-Caucasian people and those with relatively low education tend to underreport their intakes more than Caucasian (white) people and more educated individuals, respectively. 5 Differential underreporting of dietary intake by level of body mass index (BMI) has also been observed and this may confound relationships between dietary intake and diseases related to BMI. According to some studies, overweight individuals tend to underrepon their intakes more than normal weight people. 6 " 8 Other studies, however, found no difference between normal weight and overweight individuals in degree of underreporting. 9 It might be expected that specific foods are more underreported than others, which would result in different degrees of underreporting for intake of energy and various nutrients. However, BMI-related underreporting has only been studied in relation to energy and, to a much lesser extent, protein intake. 6 ' 7 The reason for this is that suitable methods that can quantify absolute true intake are lacking for most foods and nutrients. Using the data from a Dutch validation study, conducted within the framework of the European Prospective Investigation into Cancer and Nutrition (EPIC), 12 we were able to study BMIdependent underreporting for energy, protein, and potassium (K) intake separately.
Methods

Subjects
For the present analyses, data were used from a dietary and physical activity validation study of the Dutch EPIC, performed in 1991/1992. The subjects, aged 21-71 years, were recruited from two study populations of ongoing projects 13 -14 into which the Dutch part of the EPIC study was later integrated. An age-and sex-stratified sample of 960 men and women was invited to participate. Out of 240 subjects (25%) who responded positively, we selected 66 men and 68 women equally distributed across 20-year age groups and the four towns (Amsterdam, Doetinchem, Maastricht and Utrecht). They had indicated that they would be able to participate in the study for 13 months. An extensive description of the validation study is provided elsewhere.
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Data collection
To assess dietary intake a 170-item food frequency questionnaire (FFQ) with photographs was administered, followed by 12 24-hour dietary recalls (Figure 1) . From both the questionnaire and the recalls we calculated average daily intakes of protein, K, and energy, by use of an extended version of the Dutch food composition table. 16 For calculations of BMI and basal metabolic rate (BMR) we used body weight and height as measured at the start of the study. Weight was also measured on four other occasions, after 3, 6, 9 and 12 months, to determine weight (in)stability. The participants were weighed wearing indoor clothing with empty pockets and without shoes. Height was measured with a wall-mounted stadiometre. The BMI was calculated as body weight/height 2 (in kg/m 2 ) and BMR was calculated using the Schofield equations, 17 based on weight, height, age and gender. On four occasions, 24-hour urine collections were obtained; self-reported completeness was included in the protocol. In the urine samples nitrogen (N) and K concentrations were measured at the Laboratory for Chemical Analyses of the University Hospital in Leuven (Belgium). Urinary N concentrations were determined by means of an automated chemical system with a Mitsubishi Total Nitrogen Analyzer TN-05. Urinary K concentrations were determined by emission flame photometry (internal dilution) on an Instrumentation Laboratory IL 543 with lithium as internal standard. 18 From the urine concentrations we calculated daily urinary N and K excretion. The urinary N excretion was then divided by 0.81 to obtain total N excretion, including extrarenal losses. 19 As a measure for the degree of underreporting we calculated ratios of reported intake to biomarkers. The energy ratio equals daily energy intake divided by BMR, the protein ratio equals daily N intake (protein intake/6.25) 20 divided by total N excretion (urinary N excretion/ 0.81), and the K ratio equals the daily K intake divided by daily urinary K excretion. Total energy expenditure is not only determined by BMR but also by energy expenditure due to physical activity. We estimated physical activity levels from 3-day diaries in which type and duration of physical activities were recorded on four occasions.
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Statistical analysis
The SAS version 6.11 package was used for statistical analyses. We performed linear regression analysis to analyse the relationship between BMI (independent variable) and the different ratios (dependent variables), both with and without adjustment for age and education. Our interest was in the regression coefficient for BMI which indicates the difference in ratio for each unit increase in BMI (in kg/m 2 ). A negative regression coefficient would thus indicate relatively more underreporting with increasing BMI, which in an absolute sense may either be more underreporting or less overreporting. P-values < 0.05 were considered to be statistically significant. When regressing the energy ratio on BMI, we also adjusted for levels of physical activity. AJ1 variables were continuous, except education, which had three categories (low = primary school, lower vocational; medium = secondary school, intermediate vocational; high = higher vocational, university).
Besides analysing data from the whole study population, we also performed analyses after excluding certain subsets of individuals. First, we excluded people who had (out of four collections) more than one incomplete 24-hour urine collection (N = 47), because for these people the urine N and K values may be less reliable. Incompleteness was defined as having spilled more than a few drops of urine or having no collection at all. Secondly, we excluded subjects with an unstable body weight (N = 63), because for these individuals the assumption that energy intake is equal to energy expenditure may not be valid. Cutoff value for instability was a flurtuation of 2*3 kg during the study period (body weight was measured on five occasions). Thirdly, we excluded individuals who reported keeping a dietary regime at the beginning of the study (N = 19), because this could have caused an unstable body weight and/or reported dietary intake not representative for habitual intake.
Results Table 1 Tables 2 and 3 show mean values of intakes, biomarkers and their ratios for men and women, stratified by tertiles of BMI. With increasing class of BMI an increase in the level of biomarkers, but a slight decrease in ratios, was observed. Table 4 presents the results of regressing the ratio of reported energy intake to BMR (energy ratio) and the ratio of reported to estimated protein intake from 24-hour N excretion (protein ratio), based on the FFQ, on BMI. After adjustment for physical activity, a significant inverse association between energy ratio and BMI was found among men and (although weaker) among women, indicating relatively more underreporting of energy intake with increasing BMI. Exclusions and further adjustments had little effect on the regression coefficients, with the exception of excluding men with an unstable body weight, which strengthened the association. The crude associations between energy ratio and BMI are shown in Figures 2 and 3 for men and women, respectively. A significant inverse association was also found between the protein ratio and BMI for men (Figure 4) . The slope and strength of the association increased after adjustment for age and education. Among women, associations between protein ratio and BMI were weak and only significant after exclusion of 14 women on a diet. Figure 5 illustrates the crude association between protein ratio and BMI for women.
For the 24-hour recall data, relative underreporting of energy intake with increasing BMI was also observed (Table 5) . For protein intake, associations tended to be in the same direction but were statistically not significant for the majority of the models. Compared to the results for the FFQ, regression coefficients for energy and protein were generally stronger in women but weaker in men.
According to the FFQ, no significant associations between the K ratio and BMI were observed: the crude regression coefficients of regressing K ratio on BMI were -0.01 with a standard error (SE) of 0.02 for men and -0.01 (SE = 0.01) for women. The 24-hour recalls, however, revealed a significant inverse association between the K ratio and BMI in women (P = -0.02; SE = 0.01) but not in men (p" = -0.01; SE = 0.01). 
Discussion
Compared to individuals with lower BMI, we observed that individuals with higher BMI relatively underreport their energy and protein intakes. The degree of BMI-related underreporting was independent of age, physical activity, and level of education and occurred both when intakes were assessed with FFQ or repeated 24-hour recalls. We also observed an increasing degree of underreporting of K with increasing BMI although this effect was small and only significant in women when intakes were assessed by 24-hour recalls.
Comparing the results for FFQ and 24-hour recalls, BMIrelated underreporting of energy and protein intake appeared to be stronger in the 24-hour recalls among women but less strong among men. However, differences were small and might be due to chance. A speculative, alternative, explanation for the observation might be that overweight women are more susceptible to giving socially acceptable answers during a personal interview than overweight men.
One limitation of our study is the relatively small size of the study population, which implies limited statistical power. The associations that were observed were all in the same direction, but in some subgroups failed to reach significance. The effects of exclusion of subsets of the population for which the measure of underreporting might be imperfect was also difficult to assess due to the small sample size. Performing these analyses in a larger study population might reveal more significant associations between degree of underreporting and BMI and will enable us to study for example the effea of dieting in relation to BMI-related underreporting.
Furthermore, considering the low response rate of 25% and the high burden of the study, 15 the participants form a selective group of, possibly highly motivated, volunteers. This limits the generalizability of the findings to the Dutch EPIC cohorts and the average Dutch population. However, our study population consisted of subjects with a dietary intake pattern similar to the average Dutch dietary intake pattern. 22 Moreover, in a second study within one of the Dutch cohorts we observed similar regression coefficients for BMI-related underreporting of energy intake (unpublished results). In that study, however, urinary N and K data are not available. Another limitation concerns the collection of 24-hour urine. advantage of our study is the amount of information that was Obtaining complete collections appears to be a difficult task collected from each participant and especially the collection of refor subjects and despite their motivation, 47 of them (35%) peated 24-hour urine samples: obtaining 24-hour urine samples did not succeed in obtaining four 24-hour collections. A major from many subjects poses great logistic and financial difficulties. Relative underreporting of protein intake (based on food frequency questionnaire) in relation to body mass index (BMI |kg/m 2 )) among women. Protein ratio equals reported daily protein intake/6.25, b is the regression coefficient of regressing energy ratio on BMI The FFQ and 24-hour recalls were sufficiently valid measures and 0.45; recalls: 0.54 and 0.59 for men and women, respectof energy and protein intake, in terms of ranking subjects in ively). Although some investigators have expressed their conorder of intake. 23 For K similar correlation coefficients with cem about the validity of the Schofield equations for estimating urinary K excretion were observed for both methods (FFQ: 0.33 BMR, 24 the estimated mean BMR for subgroups of BMI are Model" ratio = BMI (+ mean energy expenditure) + age + education Exclusion 1: excluding persons with incomplete urine collections. Exclusion 2 -excluding persons with an unstable body weight.
Exclusion 3' excluding persons on a diet virtually identical to BMR in similar groups as measured by doubly-labelled water. 25 This indicates that on a group level our estimates of BMR are probably valid and accurate.
Our observation that, with higher BMI energy intake is increasingly underreported, is consistent with reports from some, 3 " 5 ' 8 but not all 9 " 11 studies on this subject. With regard to protein intake, results from Hulte'n et al. 6 and Heitman and Ussner 7 are consistent with the present findings. However, Heitmann and Lissner 7 observed that with increasing percentage of body fat underreporting for energy intake was increasingly greater than for protein intake. This differential dietary reporting pattern could not be confirmed in the present study. Previous findings by Bingham era/. 19 indicate, that with increasing BMI underreporting of K intake tends to increase. The most important sources of K are plant foods. In order to determine whether BMI-related underreporting occurs for these food groups, further research is needed.
We investigated the association between intake/biomarker ratios and BMI rather than considering under-or overreporting in an absolute sense. The observed average regression coefficient of regressing intake/biomarker ratios on BMI of about -0.03 may seem rather weak. However, if we consider the size of the BMI range in this population of roughly 10 kg/m 2 , this means that over this range the ratios decrease by 0.3, which is about 20-25% of the average ratio. Another issue is the effect of BMIdependent relative underreporting on observed diet-disease relationships. Prentice 26 has demonstrated that BMI-related underreporting of fat intake may explain the apparent absence of a positive association between fat consumption and breast cancer in cohort and case-control studies. The measurement model proposed by Prentice can be used to adjust for BMI-related measurement error when assessing diet-disease associations.
In conclusion, we found that relative underreporting of protein and energy intake increases with increasing BMI in a population similar to the Dutch EPIC cohorts. This phenomenon will bias diet-disease relationships, implying that it should be accounted for in the EPIC study, which aims to examine the relationship between diet and cancer. We recommend that all future validation studies in the context of diet-disease studies quantify BMI-related underreporting.
